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Sex, race, and age distributions of mean aortic wall
thickness in a multiethnic population-based
sample
Eric B. Rosero, MD, MSc,a Ronald M. Peshock, MD,b,c Amit Khera, MD, MSc,c Patrick Clagett, MD,a
Hao Lo, MD,d and Carlos H. Timaran, MD,a,e Dallas, Tex; and Chicago, Ill
Background: Reference values and age-related changes of the wall thickness of the abdominal aorta have not been
described in the general population. We characterized age-, race-, and gender-specific distributions, and yearly rates of
change of mean aortic wall thickness (MAWT), and associations between MAWT and cardiovascular risk factors in a
multi-ethnic population-based probability sample.
Methods: Magnetic resonance imaging measurements of MAWT were performed on 2466 free-living white, black, and
Hispanic adult subjects. MAWT race/ethnicity- and gender-specific percentile values across age were estimated using
regression analyses.
Results: MAWT was greater in men than in women and increased linearly with age in all the groups and across all the
percentiles. Hispanic women had the thinnest and black men the thickest aortas. Black men had the highest and white
women the lowest age-related MAWT increase. Age, gender, ethnicity, smoking status, systolic blood pressure,
low-density lipoprotein-cholesterol levels, high-density lipoprotein-cholesterol levels, and fasting glucose levels were
independent predictors of MAWT.
Conclusions: Age, gender, and racial/ethnic differences in MAWT distributions exist in the general population. Such
differences should be considered in future investigations assessing aortic atherosclerosis and the effects of anti-
atherosclerotic therapies. ( J Vasc Surg 2011;53:950-7.)
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MNoninvasive assessment of the arterial wall may reveal
the effects of known and unknown atherogenic and protec-
tive factors on the vascular bed. The use of noninvasive
screening tests for subclinical atherosclerosis has thus been
proposed as a method to refine traditional cardiovascular
risk stratification guidelines.1 Previous studies have re-
vealed that the wall thickness of large arteries correlates well
with the burden of generalized atherosclerosis and is a
reliable predictor of coronary events.2,3 Most research on
noninvasive evaluation of the structure of large arteries has,
however, focused primarily on the extracranial carotid ar-
teries. Epidemiologic studies and clinical trials have, in fact,
shown that the carotid intima-media thickness (CIMT)
determined by high-resolution B-mode ultrasound posi-
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950ively correlates with conventional cardiovascular risk fac-
ors and can yield incremental risk stratification informa-
ion. Despite the well-known technical limitations of
ltrasound, the age, gender, and racial/ethnic distributions
f CIMT have been reported for some populations.4-6
Although the abdominal aorta is also an atherosclerosis-
rone artery,7 relative to the medial thickness of the carotid
ntima, the thickness of the abdominal aortic wall has not
een as extensively investigated. In vivo, the aortic wall
hickness (AWT) can be reliably studied with the use of
igh-resolution magnetic resonance imaging (MRI),8
hich has been validated to quantify the effects of athero-
clerosis in vessel walls at early or late stages of the dis-
ase.9-11 The study of atherosclerosis of the abdominal
orta using MRI techniques, therefore, has the potential to
rovide important information for cardiovascular risk as-
essment. In addition, knowledge of the expected ranges of
WT and its age-related changes can be used to proactively
revent the progression of atherosclerosis, since significant
eviations from the reference values can be identified and
sed to start or modify anti-atherosclerotic therapies. The
urpose of this study was, first, to characterize the gender
nd racial/ethnic distributions of abdominal AWT values
nd yearly rates of change of AWT in a cohort of non-
nstitutionalized adults, and second, to evaluate the associ-
tions between abdominal AWT and traditional cardiovas-
ular risk factors.
ETHODS
Study population. Written informed consent was ob-
ained from all the participants, and the study was approved
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Texas Southwestern Medical Center.
Participants of the Dallas Heart Study (DHS) cohort, a
multi-ethnic population-based probability sample, who
had an MRI of the abdominal aorta were included in the
study. The study design and methodology have been de-
scribed previously.12 Briefly, the DHS consisted of three
sequential steps, including two home visits and a clinical
visit. During the first two steps, a survey was administered
through a face-to-face interview, and blood and urine
samples were collected. At the third step, 2971 subjects
returned for various imaging studies, including MRI of the
abdominal aorta. Of these, a total of 2520 participants had
MRI images of sufficient quality for interpretation. Among
those who had good-quality images, a total of 2466 self-
reported white, black, and Hispanic participants aged 19 to
67 years were included in the analyses. Of note, most
Hispanic participants (90%) were Mexican-Americans.
Fifty-four participants of other race/ethnic background
were excluded because of small numbers. All the MR
images included in the analyses, as well as the blood and
urine tests, were performed only for research purposes in
voluntary subjects participating in the DHS.
MRI of the abdominal aorta. Images of the abdom-
inal aorta were acquired using a 1.5 Tesla whole-bodyMRI
system (Intera; Philips Medical Systems, Best, The Nether-
lands) as previously described.13 The imaging protocol
included an electrocardiographically-gated, T2-weighted
(T2W) black-blood turbo spin-echo sequence. Signal from
anatomical structures at the periphery of the slice was
minimized with saturation bands. The protocol did not
include breath holding, and the total time for acquisition of
the T2W sequence was approximately 6 minutes. Six trans-
verse slices centered on the abdominal aorta were obtained
per participant. Slice thickness was 5 mm, and interslice gap
was always 10 mm. Images chosen for analysis satisfied the
following characteristics: (1) contained the descending ab-
dominal aorta, proximal to the bifurcation of the iliac
arteries and (2) signal-to-noise ratio was sufficient to allow
for determination of luminal and adventitial borders of the
aortic wall.
The MRI images were analyzed with the Magnetic
Resonance Analytical Software Systems (MASS) cardiac
analysis software package (Version 4.2 beta; Medis Medical
Imaging Systems Inc, Leiden, The Netherlands). Images
were magnified to 400%; brightness and contrast settings
were optimized for wall visualization. The adventitial and
luminal boundaries for each slice were drawn by two
trained observers (ER, HL) blinded to the clinical and
demographic data using a free-hand manual contour draw-
ing tool. Inter-observer variability analyses performed by
two trained investigators (ER, RP) in 80 images revealed an
intraclass correlation coefficient of 0.94 and a mean inter-
observer difference of 4.2%  6.6%.
Calculation of aortic wall thickness. Aortic wall
thickness was calculated as the mean distance between the
adventitial and luminal boundaries. The area enclosed by
the adventitial boundary and the area enclosed by the muminal boundary were calculated by the analytical software
or each slice. The AWT for each slice was calculated as the
ifference between the radius of a circle with an area equal
o that enclosed by the adventitial boundary and the radius
f a circle with an area equal to that enclosed by the luminal
oundary, as previously described.13 The MAWT for each
articipant was calculated as the sum of AWT measure-
ents for each slice, divided by the number of slices.
Risk factor measurements. Data on blood pressure
as obtained from the average of five sequential blood
ressure readings. Hypertension was defined as average
ystolic blood pressure 140 mm Hg and/or diastolic
lood pressure 90 mm Hg or use of antihypertensive
edication. Body mass index (BMI) was calculated as
eight in kilograms divided by the square of height in
eters. Smoking was defined as cigarette use within the
revious 30 days and a lifetime history of having smoked
100 cigarettes. Hypercholesterolemia was defined as a
alculated low-density lipoprotein (LDL) cholesterol
160 mg/dL on a fasting sample, direct LDL 160
g/dL or a nonfasting sample, total cholesterol 240
g/dL, or use of statin medication. Hypertriglyceridemia
as defined as a fasting triglyceride concentration 200
g/dL. Diabetes was defined by a fasting glucose level
126 mg/dL or use of any hypoglycemic medication.
Statistical analyses. Continuous data are presented as
edians and interquartile ranges (IQR). Categorical vari-
bles are reported as relative frequencies. MAWT distribu-
ions were examined for normality using the Kolmogorov-
mirnov test. As MAWT data did not fit a normal
istribution, nonparametric tests or logarithmic transfor-
ations were used for the analyses. Scatter plots were used
or visual assessment of the relationship between MAWT
nd age. Sample weights reflecting the different probabili-
ies of selection for participants and sample attrition be-
ween visits were calculated for the DHS based on the
allas County census in 2000.12 Sample weight-adjusted
nd unweighted analyses were performed to estimate the
istributions of MAWT for each of the study groups.
AWT distributions for white men, white women, black
en, black women, Hispanic men, and Hispanic women
ere described by medians and IQR. The Kruskal-Wallis
est was used for assessing equality of MAWT unadjusted
edians among the groups and analysis of variance, including
he Tukey’s multiple comparisons test, which was used for
esting differences in unadjusted means of logarithmic-trans-
ormedMAWT. Age-adjusted median values ofMAWTwere
urther calculated, and differences among the groups were
ested using median regression analyses.14 Race/ethnicity-
nd gender-specific distributions of MAWT values were
stimated using quantile regression analyses for the 5th,
0th, 25th, 50th, 75th, 90th, and 95th percentiles across age.
uantile regression is a regression model in which specific
uantiles (or percentiles) of the response variable are re-
ressed on subject characteristics, and is an alternative to
he least squares regression method.14-16 Whereas the
ethod of least squares results in estimates that approxi-
ate the conditional mean of the response variable given
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results in estimates approximating either the median or
other quantiles of the response variable. Because it makes
no distributional assumption about the error term in the
model, quantile regression offers considerable model ro-
bustness. The results of the quantile regression analyses are
presented as scatter plots including the regression lines for
the selected percentiles and as tabular values of percentiles
of MAWT in 5-year increments. Yearly changes in MAWT
were estimated from cross-sectional data using linear re-
gression models as a function of age in each of the study
groups. Age-related changes of MAWT were determined
from the slopes of the regression equations. Multiple re-
gression analyses using the general linear model were per-
formed to determine predictors of log MAWT, including
the following variables: age, gender, race/ethnicity, systolic
blood pressure, BMI, total cholesterol, LDL-cholesterol,
high-density lipoprotein (HDL)-cholesterol, triglycerides,
fasting glucose level, smoking, diabetes, hypertension, hy-
pertriglyceridemia, and hypercholesterolemia. To decrease
the chance of multicollinearity, univariate correlations be-
tween the independent variables were first evaluated to
avoid the inclusion of highly correlated variables in the
model. The absence of multicollinearity in the final model
was evaluated using variance inflation factors, which were
1.5 for all the variables.
Statistical significance was defined as a two-tailed P
value of less than .05. All analyses were performed with SAS
9.1.3 (SAS Institute, Cary, NC) and MedCalc 8.1.0.0 for
Windows (MedCalc Software, Mariakerke, Belgium).
RESULTS
Baseline characteristics of the study participants are
described in Table I. Women represented 55% of the study
population, and most participants (49.6%) were black,
Table I. Baseline characteristics of study population
White men White women
n  391 n  411
Age, years 45 (37-52) 45 (38-53)
Systolic blood pressure,
mm Hg 126 (117-133) 118 (108-128) 1
Diastolic blood pressure,
mm Hg 78 (72-83) 75 (69-81)
Glucose, mg/dL 92 (85-99) 90 (83-97)
Total cholesterol, mg/
dL
180 (158-208) 179 (156-205) 1
Triglycerides, mg/dL 115 (79-177) 98 (70-145)
HDL cholesterol, mg/
dL
41 (35-48) 52 (43-63)
LDL cholesterol, mg/dL 110 (88-135) 102 (82-123) 1
Body mass index, kg/m2 28 (25-31) 27 (23-33)
Current smoker 106 (27) 112 (27) 2
Diabetes 23 (5.9) 24 (5.8)
Hypertension 82 (20.9) 87 (21.1) 2
Hypercholesterolemia 59 (15.0) 58 (14.1)
HDL, High-density lipoprotein; LDL, low-density lipoprotein.
Values are median (interquartile range) or number (%).which is explained by the sampling strategy of the DHS, .esigned to oversample black subjects. Of note, Hispanic
en were significantly younger than non-Hispanic black
nd non-Hispanic white men, and Hispanic women were
ignificantly younger than non-Hispanic black and non-
ispanic white women (P  .001). The prevalence of
ymptomatic coronary artery disease (history of angina,
yocardial infarction, or coronary revascularization) and
troke in the whole sample was 5% (124 of 2466 subjects)
nd 2.3% (56 of 2466 subjects), respectively. Differences in
he prevalence of comorbidities were noted among the
roups. Diabetes was more frequent among Hispanics and
lacks as compared with whites; Hispanics of both genders
ad a lower prevalence of hypertension and hypercholester-
lemia compared with blacks and whites; and although
ispanic women had the lowest prevalence of cigarette
moking, the proportion of smokers among Hispanic men
as not different from that in the other ethnic groups. The
ig shows scattergrams of participant age and MAWT for
ach of the study groups and the estimated regression lines
or percentiles 5th, 10th, 25th, 50th, 75th, 90th, and 95th. A
ignificant correlation was noted between age and MAWT
n all the groups (Spearman r  0.42, 0.31, 0.55, 0.41,
.40, and 0.44 for white men, white women, black men,
lack women, Hispanic men, andHispanic women, respec-
ively; P  .0001 each). Estimates of the selected percen-
iles of MAWT and ordinal least square mean values by
-year age increments in each of the six groups are pre-
ented in Table II. Differences between sample weight-
djusted and unweighted estimates of MAWT values were
3% for all the percentiles in all the groups. Therefore, only
esults of unweighted analyses are presented. Unadjusted
nd age-adjusted median MAWT values and estimated
ge-related changes in mm per year are presented in Table
II. Analysis of variance revealed significant differences in
ean log-transformed MAWT among the groups (P 
k men Black women Hispanic men Hispanic women
533 n  690 n  184 n  257
8-54) 45 (37-53) 39 (32-46) 38 (34-47)
18-140) 125 (114-140) 121 (113-130) 116 (107-124)
1-84) 79 (73-86) 74 (68-80) 73 (67-79)
5-104) 91 (84-101) 96 (90-103) 95 (86-105)
48-199) 175 (150-200) 187 (159-209) 171 (150-198)
3-129) 79 (58-113) 131 (85-193) 109 (79-155)
0-57) 52 (45-62) 41 (36-49) 48 (40-56)
9-124) 103 (79-128) 111 (87-136) 98 (81-118)
4-33) 32 (27-38) 29 (26-31) 30 (26-35)
8) 185 (27) 56 (30) 31 (12)
3.1) 96 (13.9) 22 (11.9) 31 (12.0)
8.8) 301 (43.6) 27 (14.7) 41 (15.9)
5.4) 87 (12.6) 18 (9.8) 21 (8.1)Blac
n 
45 (3
28 (1
77 (7
93 (8
74 (1
89 (6
48 (4
02 (7
28 (2
03 (3
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82 (10001). Black men and white men had significantly larger
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Volume 53, Number 4 Rosero et al 953values than the other groups; MAWT was significantly
larger for Hispanic men as compared with white women
and Hispanic women but not different from those of black
women; there were no differences inMAWT between black
and white women; and Hispanic women had significantly
smaller MAWT values than the other groups. The Kruskal-
Wallis test also revealed differences in the unadjusted me-
dian values of MAWT among the groups (P  .0001).
However, after adjusting for age, it was found that there
were no race/ethnic differences in MAWT among men
who had significantly higher median MAWT values than
women in all the race/ethnic groups (P  .001 each).
Amongwomen, adjustedmedians were greater for blacks as
compared with whites (P  .02) and Hispanics (P  .04).
In addition, age-adjusted median MAWT was not signif-
icantly different between white and Hispanic women.
Linear increases of MAWT were observed with aging in
Fig. Regression percentiles of mean aortic wall tall the groups and across all the percentiles. Black men dended to have the highest age-related mean MAWT
hange, and white women had the lowest. However,
fter adjusting for multiple comparisons, the differences
f the slopes were statistically significant only for black
en, who had a higher age-related MAWT increase as
ompared with white women and black women (P 
001, each), and for white women who had significantly
ower age-related increase of MAWT as compared with
hite men (P  .017).
Multiple linear regression analyses revealed that age,
ender, ethnicity, smoking status, systolic blood pressure,
DL-cholesterol levels, and fasting glucose levels were
ndependent predictors of larger mean log MAWT values
nd HDL-cholesterol levels were associated with decreased
og MAWT (Table IV). Subsequent analyses excluding
articipants receiving statins and blood pressure medica-
ions revealed essentially identical results. The coefficient of
ess (MAWT) and age by sex and race/ethnicity.etermination for the model was R2  0.297 (ie, the
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explained about 30% of the variance of MAWT).
DISCUSSION
This study provides a detailed description of MRI-
determined abdominal MAWT distributions and cross-
sectional age-related MAWT changes in white, black, and
Hispanic men and women. To our knowledge, this is the
first detailed description of MAWT distributions and cross-
Table II. Estimates of mean aortic wall thickness (mm) by
Group Percentile 30 35
White men OLS 1.578 1.659
P05 1.232 1.273
P10 1.352 1.395
P25 1.482 1.530
P50 1.617 1.678
P75 1.708 1.797
P90 1.816 1.943
P95 1.840 2.002
White women OLS 1.508 1.553
P05 1.208 1.238
P10 1.261 1.291
P25 1.362 1.400
P50 1.522 1.554
P75 1.650 1.689
P90 1.750 1.801
P95 1.846 1.902
Black men OLS 1.533 1.627
P05 1.236 1.289
P10 1.285 1.351
P25 1.408 1.479
P50 1.526 1.613
P75 1.630 1.744
P90 1.768 1.904
P95 1.840 1.985
Black women OLS 1.501 1.562
P05 1.230 1.258
P10 1.290 1.322
P25 1.373 1.417
P50 1.514 1.564
P75 1.611 1.678
P90 1.742 1.838
P95 1.828 1.938
Hispanic men OLS 1.582 1.649
P05 1.255 1.292
P10 1.370 1.396
P25 1.459 1.503
P50 1.614 1.659
P75 1.681 1.774
P90 1.795 1.929
P95 1.867 2.000
Hispanic women OLS 1.442 1.505
P05 1.157 1.207
P10 1.226 1.275
P25 1.309 1.364
P50 1.434 1.492
P75 1.540 1.616
P90 1.693 1.762
P95 1.709 1.828
OLS, Mean value calculated using ordinary least squares.sectional age-related MAWT changes in a multiethnic aopulation-based probability sample of free-living individ-
als. This study reveals that MAWT increases with age in all
he race/ethnicity groups across all percentiles. In general,
AWT is smaller in women than in men, and Hispanic
omen have the thinnest MAWT. The gender and age
ifferences in the distribution of MAWT data are indeed
onsistent with the age and gender distribution of athero-
clerotic disease.
Some population-based studies have reported data on
, sex, and race/ethnicity
Age (years)
45 50 55 60 65
1.820 1.900 1.981 2.061 2.142
1.355 1.396 1.437 1.478 1.520
1.482 1.525 1.568 1.612 1.655
1.626 1.674 1.722 1.770 1.818
1.799 1.860 1.920 1.981 2.041
1.976 2.066 2.155 2.245 2.334
2.199 2.326 2.454 2.581 2.709
2.325 2.487 2.649 2.811 2.973
1.642 1.686 1.731 1.776 1.820
1.298 1.328 1.358 1.387 1.417
1.351 1.382 1.412 1.442 1.472
1.476 1.514 1.552 1.590 1.629
1.617 1.649 1.681 1.713 1.745
1.768 1.807 1.847 1.886 1.926
1.904 1.955 2.007 2.058 2.109
2.013 2.068 2.123 2.179 2.234
1.815 1.909 2.003 2.097 2.191
1.395 1.449 1.502 1.555 1.609
1.482 1.548 1.614 1.680 1.745
1.622 1.694 1.765 1.836 1.908
1.788 1.875 1.963 2.050 2.137
1.972 2.087 2.201 2.315 2.429
2.177 2.314 2.451 2.587 2.724
2.277 2.422 2.568 2.713 2.859
1.685 1.747 1.808 1.869 1.931
1.316 1.344 1.373 1.402 1.430
1.384 1.415 1.447 1.478 1.509
1.505 1.550 1.594 1.638 1.682
1.662 1.711 1.761 1.810 1.859
1.813 1.880 1.948 2.015 2.082
2.031 2.127 2.224 2.320 2.416
2.158 2.268 2.379 2.489 2.599
1.784 1.851 1.918 1.986 2.053
1.366 1.403 1.440 1.477 1.515
1.447 1.473 1.499 1.525 1.550
1.590 1.633 1.677 1.720 1.764
1.750 1.795 1.840 1.885 1.928
1.959 2.052 2.144 2.237 2.329
2.197 2.331 2.465 2.599 2.733
2.265 2.398 2.530 2.663 2.795
1.633 1.696 1.760 1.823 1.887
1.305 1.354 1.404 1.453 1.499
1.373 1.422 1.471 1.520 1.569
1.475 1.530 1.586 1.641 1.698
1.607 1.665 1.722 1.780 1.836
1.770 1.846 1.923 2.000 2.074
1.900 1.968 2.037 2.106 2.172
2.065 2.183 2.302 2.420 2.539age
40
1.739
1.314
1.438
1.578
1.738
1.887
2.071
2.163
1.597
1.268
1.321
1.438
1.586
1.729
1.853
1.957
1.721
1.342
1.417
1.551
1.701
1.858
2.041
2.131
1.624
1.287
1.353
1.461
1.613
1.746
1.935
2.048
1.716
1.329
1.421
1.546
1.704
1.866
2.063
2.133
1.569
1.256
1.324
1.420
1.549
1.693
1.831
1.946verage gender and race differences in aortic wall thick-
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Volume 53, Number 4 Rosero et al 955ness.17,18 However, none has provided detailed descrip-
tions of MAWT percentile distributions. A study on a
subset of participants of the Multiethnic Study of Athero-
sclerosis (MESA) reported average values of thoracic aortic
wall thickness by gender and race.17 The study was de-
signed as a pilot study, including MRI of only one slice of
the thoracic aorta on 196 white and black subjects. Given
the small sample size, subgroup analyses by gender and race
were, therefore, not feasible. Another study on 1053 par-
ticipants in the MESA cohort investigated the association
between thoracic aortic wall thickness and age, gender,
race/ethnicity, and traditional cardiovascular risk factors.18
Although the study revealed important associations be-
tween aortic wall thickness and increasing age and male
gender, thorough descriptions of the distribution of aortic
wall thickness by demographic variables were not reported.
Our study expands the current knowledge about abdomi-
nal aortic wall thickness by providing detailed percentile
distributions of MAWT values across age in adult men and
women of the three larger racial/ethnic groups of the
United States.
MAWT values reported in this study are comparable to
those previously described for human autopsy specimens.
Table III. Aortic wall thickness values and estimated age-
Study group
Unadjusted
median [IQR] (mm)
White men 1.76 [1.60-1.95]
White women 1.62 [1.47-1.77]
Black men 1.79 [1.60-2.01]
Black women 1.65 [1.48-1.82]
Hispanic men 1.70 [1.52-1.86]
Hispanic women 1.55 [1.40-1.71]
CI, Confidence interval; IQR, interquartile range.
Table IV. Multiple regression analysis of the association
between aortic wall thickness and traditional
cardiovascular risk factors
Variable
Regression
coefficients SE P value
Age (per year increase) 0.006 0.00035 .0001
Sex (referent: female) 0.061 0.0064 .0001
Race/ethnicity (referent:
Hispanic)
Black 0.022 0.0087 0.010
White 0.019 0.0090 0.029
Smoking status (referent: smoker) 0.058 0.0067 .0001
Systolic blood pressure 0.001 0.0002 .0001
LDL-cholesterol 0.00026 0.00008 0.002
HDL-cholesterol 0.0016 0.0002 .0001
Triglycerides 0.00003 0.00003 0.31
Blood glucose 0.00015 0.00007 0.043
Body mass index 0.0004 0.00045 0.38
R2 for the model 0.297
HDL,High-density lipoprotein; LDL, low-density lipoprotein; SE, standard
error.In a study of cadaver aortas of 30 subjects aged 40 to 95 Aears, Zarins et al found that the mean wall thickness of the
bdominal and thoracic aorta were 1.50  0.06 mm and
.63  0.05 mm, respectively.19 The median MAWT in
ur cohort varied from 1.55 mm for Hispanic women to
.79 mm for black men (Table III). Although MAWT
alues reported by Zarins et al are slightly smaller than
hose found in our study, the difference could be attributed
o some shrinking during the histologic preparation of the
pecimens and the small sample size of the morphometric
tudy.17,18,20,21
Differences in MAWT were evident among the study
roups. Although there were some racial/ethnic differ-
nces in age-adjusted medianMAWT, gender was the most
elevant factor contributing to the observed differences.
egardless of race/ethnicity, men had largerMAWT values
han women. Among women, blacks had larger MAWT
han Hispanics and whites. In contrast, among men signif-
cant race/ethnic differences in MAWT values were not
vident.
Our data suggest that MAWT increases with age in
ost subjects. Even the 5th percentile of MAWT is some-
hat greater in older than in younger participants. The
pper percentiles suggest much more rapid change. The
ssociation between age and MAWT is consistent with
ultiple reports that have demonstrated that age is a pow-
rful predictor of subclinical atherosclerosis in the extracra-
ial carotid and coronary arteries.6,11,22-24 The general
ssociations between gender and MAWT observed in our
ohort are also similar to those reported by other investi-
ators who have found increased arterial wall thickness and
laque burden among men.6,17,18,24 These findings are
lso consistent with the higher incidence of coronary death
ates reported among men in all age groups and the signif-
cant correlation between atherosclerosis and acute cardio-
ascular events.25
Our results are also consistent with previous investiga-
ions that have found race/ethnic differences in the distri-
utions of arterial wall thickness. In 15,124 middle-aged
lack and white participants in the Atherosclerosis Risk in
ommunities Study, men had greater carotid wall thickness
han women, and black women had thicker carotid walls
han white women.26 In a smaller study of 526 participants
rom New York,27 Hispanics had significantly decreased
arotid wall thickness as compared with whites and blacks.
d changes
Adjusted median
[95% CI] (mm)
Estimated age-related
change [95% CI] (mm/year)
[1.61-1.97] 0.016 [0.013-0.020]
[1.43-1.78] 0.009 [0.006-0.012]
[1.61-1.96] 0.019 [0.016-0.021]
[1.48-1.82] 0.012 [0.010-0.014]
[1.58-1.95] 0.013 [0.010-0.017]
[1.47-1.73] 0.013 [0.010-0.016]relate
1.79
1.61
1.79
1.65
1.76
1.60more recent report of the MESA found that blacks and
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April 2011956 Rosero et alwhites had similar average thoracic aortic wall thickness,
but compared with whites, Hispanics had smaller average
wall thickness.18 These associations are similar to those
found in our study. The reasons for the ethnic/racial
differences in wall thickness still need to be determined, and
probably are the result of the interaction between multiple
elements including genetic makeup, socioeconomic fac-
tors, and traditional and novel cardiovascular risk factors.
In our study, MAWT was independently associated
with traditional cardiovascular risk factors. Gender, race/
ethnicity, age, smoking status, systolic blood pressure,
LDL-cholesterol, HDL-cholesterol, and blood glucose lev-
els were independent predictors of MAWT. These associa-
tions are similar to those previously described. In the
MESA population, age, male gender, and higher systolic
blood pressure were associated with larger aortic wall thick-
ness.18 Similarly, other investigators have reported that
male gender, age, smoking, LDL-cholesterol, diabetes, and
systolic blood pressure are independently associated with
the wall thickness of the aorta and carotid arteries.5,21,28-30
Although increasing age, lipid levels, and systolic blood
pressure have consistently been associated with arterial wall
thickening in all the regions of the arterial tree, smoking
and systolic blood pressure seem to be the strongest pre-
dictors of abdominal aortic wall atherosclerosis.28,31 The
previously described inverse relation between MAWT and
HDL cholesterol was also seen in our population, and our
finding that increased MAWT is associated with decreased
levels of HDL-cholesterol levels is consistent with epidemi-
ologic studies that have established a low level of HDL-
cholesterol as a marker of atherosclerosis and an indepen-
dent risk factor for cardiovascular events.32-34 Overall, the
small coefficient of determination for the model (R2 
0.297) reveals that only a modest proportion of MAWT
variability is explained by standard risk factors (approxi-
mately 30%).
Our study has a number of limitations. First, we imaged
only six transverse slices through the abdominal aorta.
Thus, some areas with severe atherosclerosis could have
been missed. It is possible that measurements on subjects
with more severe atherosclerosis may have been affected
more frequently. A second limitation is that aortic wall
thickness may have been overestimated in subjects with
tortuous aortas as a result of an increased angle between the
imaging plane and the aortic center line. Similarly, the
presence of thrombus on the surface of some atheroscle-
rotic aortic segments might have been confused with
plaque, leading to overestimation of the wall thickness. We
believe, however, that these measurement errors did not
affect preferentially any of the study groups and, thus, did
not bias the main conclusions of our study. A third limita-
tion is that although we were able to determine the inter-
observer variability in a sample of the images, we were not
able to obtain data about repeated measurement variability,
given the cross-sectional nature of the current study. How-
ever, data from other studies reveal that wall thickness
measurements obtained by MRI are highly reproduc-
ible.9,35,36 Although these results give a gender- and race-tratified estimate of expected aortic wall thickening over
ime, the associations observed between age and MAWT
ere derived from a cross-sectional study, an analysis that
oes not permit tracking individuals as they age. Thus, the
ccuracy of the predicted age-related changes in MAWT
eeds to be validated longitudinally. The cross-sectional
ature of our study also limits our ability to determine how
AWT changes with anti-atherosclerotic therapy. Further-
ore, the relatively young age of the DHS cohort (ie, 30 to
7 years), limits the generalizability of our results to older
opulations. However, MAWT increased consistently with
ge in all the study groups, suggesting that the thickening
f the abdominal aortic wall would maintain a similar trend
fter the age of 65. Finally, the number of Hispanic men
nd womenwas relatively small, as compared with the other
wo ethnic groups, and it may have made analysis of these
ubgroups more sensitive to outlier data points.
In conclusion, the results of our study provide a de-
cription of the age, gender, and race distributions of
AWT in a general population. All the percentiles of
AWT increased with age across all the study groups. Men
ad significantly thicker abdominal aortic walls than
omen, and Hispanic women had the thinnest aortic walls.
AWT was associated with the traditional cardiovascular
isk factors. The estimated MAWT distributions and per-
entiles reported in the present study can serve as reference
or assessing subclinical atherosclerosis in middle-aged
ulti-ethnic populations. Increases in aortic wall thickness
eyond those predicted by age, gender, and ethnicity may
dentify individuals at higher risk for cardiovascular events.
uture follow-up of the DHS cohort will help better deter-
ine the role of MAWT as an independent predictor of
linical disease.
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